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Introduction: Native Americans (NAs) have a higher prevalence of chronic pain than other US
racial/ethnic groups, but the mechanisms contributing to this pain disparity are under-researched.
Pain catastrophizing is one of the most important psychosocial predictors of negative pain out-
comes, and the Pain Catastrophizing Scale (PCS) has been established as a reliable and valid
measure of the pain catastrophizing construct. However, before the PCS can be used to study pain
risk inNAs, it is prudent to first determinewhether the established 3-factor structure of the PCS also
holds true for NAs.
Methods: The current study examined the measurement (configural, metric, and scalar) invar-
iance of the PCS in a healthy, pain-free sample of 138 NA and 144 non-Hispanic white (NHW)
participants.
Results: Results suggest that the previously established 3-factor solution fits for both groups
(configural invariance) and that the factor loadings were equivalent across groups (metric invar-
iance). Scalar invariance was also established, except for 1 minor scalar difference in a single
threshold for item3 (suggestingNHWsweremore likely to respondwith a 4 on that item thanNAs).
Discussion: Results provide additional evidence for the psychometric properties of the PCS
and suggest it can be used to study pain catastrophizing in healthy, pain-free NA samples.
Keywords: confirmatory factor analysis, pain catastrophizing, Native Americans, pain,
ethnic differences, pain coping
Introduction
Research over the last two decades has drawn attention to the importance of racial
and ethnic differences in the experience of pain that may contribute to pain
disparities.1,2 For example, several studies have documented that otherwise healthy,
pain-free racial/ethnic minorities (eg, African-Americans, Hispanics, Asians) have
higher pain sensitivity (eg, lower tolerances, higher pain ratings to experimental
stimuli) than non-Hispanic whites (NHW). Ostensibly, this hyperalgesia could place
them at risk for future chronic pain development.
One understudied racial/ethnic group is Native Americans (NAs) and accumulating
evidence suggests that NAs have a higher prevalence of several chronic pain conditions
than any other US racial/ethnic group.3–5 A number of factors may contribute to NA pain
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disparities, including biology (eg, genetics), environment (eg,
access to health care), provider characteristics (eg, implicit
biases), and health behaviors (eg, diet, exercise). Further, psy-
chological factors may also contribute.
One of the most robust psychological predictors of pain
and pain-related outcomes is pain catastrophizing.6–11 Pain
catastrophizing was originally conceptualized as a tendency
to believe that there is nothing that can be done to alleviate
pain (ie, helplessness) andwasmeasured by a 6-item subscale
of the Coping Strategies Questionnaire.12 However, Sullivan
and colleagues developed a more comprehensive 13-item
instrument called the Pain Catastrophizing Scale [PCS;13]
that expanded the construct to include two additional compo-
nents: magnification (the tendency to believe that pain is
worse than it is) and rumination (the tendency to ruminate
about how bad pain is). Confirmatory factor analytic (CFA)
studies have verified a 3-factor solution that corresponds to
the three components noted above and whose structure is
invariant across pain-free and chronic pain populations, as
well as men and women.14–16
To date, pain catastrophizing has not been examined as an
explanatory variable in the pain disparities noted in NAs. For
example, pain could promote pain catastrophizing that in turn
promotes further pain in a vicious cycle. However, before this
research can be conducted, a conservativefirst stepwould be to
establish the invariance of the PCS within a NA sample given
potential socio-cultural differences in the conceptualization of
pain and pain-related constructs,5 Indeed, a semi-structured
interview asking about the meaning of pain was administered
as part of the parent study from which the current data were
drawn. Qualitative analyses of the interview found that NAs
were less likely to use the word “pain” to describe experiences
that hurt, and less likely to consider pain a warning sign or
indication of a physical abnormality.17 Similarly, there could
be sociocultural differences in pain catastrophizing that pro-
mote a different factor structure.
Given that the construct validity of the PCS has been
primarily studied in samples from the majority (ie,
NHW) culture, the factor structure was compared
between NAs and NHWs. Data were collected from
282 men and women (138 NAs, 144 NHW) who parti-
cipated in the Oklahoma Study of Native American Pain
Risk (OK-SNAP; ie, the parent study). OK-SNAP was
designed to examine potential biological (eg, pain sen-
sitivity, central sensitization, pain inhibition) and psy-
chosocial (eg, pain catastrophizing) mechanisms that
contribute to the higher prevalence of chronic pain in
NAs. Only healthy, pain-free individuals were recruited
in order to rule out that any observed differences were
due to disease severity and/or treatment disparities.
Thus, the current sample were all healthy and pain-
free. Although it is plausible that the factor structure
of the PCS may differ between groups, we had no
specific hypotheses regarding those differences.
Methods
Participants
Native American participants represent tribal nations pre-
dominately from Southern Plains and eastern Oklahoma
tribes. NA status was verified from the Certificate of
Degree of Indian Blood (CDIB) or tribal membership
cards. Participants were recruited from city (eg, Urban
Tulsa) and tribal (eg, Cherokee Phoenix, Native Times)
newspapers, radio ads, fliers, personal communications
with NA groups (eg, American Indians into Psychology,
Oklahoma State University Native American Student
Association), email announcements, and online posts
(Facebook, Craigslist). Efforts were made to reach both
urban and rural dwelling participants by posting ads in
multiple newspapers and hanging fliers in the Tulsa area,
as well as most small surrounding towns/cities. Persons
were excluded if they: (a) were <18 years old, (b) had
a history of cardiovascular, neuroendocrine, musculoske-
letal, neurological disorders, (c) experienced current acute
pain or a history of chronic pain, (d) had a BMI≥35 (due to
difficulties administering some physiological pain tests),
(e) currently used anti-depressants, anxiolytic, analgesic,
stimulant, or anti-hypertensive medication, (f) had current
psychotic symptoms (assessed by Psychosis Screening
Questionnaire18) or substance use problems, and/or (g)
had an inability to read/speak English. The study was
approved by Institutional Review Boards of University of
Tulsa, Cherokee Nation, and the Indian Health Service
Oklahoma City Area Office. Participants were given an
overview of all procedures and told they could withdraw at
any time. All participants provided verbal and written
informed consent prior to enrollment and received
a $100 honorarium for the completion of each
testing day (or $10/hour of non-completed days). Data
collection occurred between March 2014 and
February 2018. Participants in the OK-SNAP study were
not excluded based on racial or ethnic status; however, the
20 persons who enrolled in the study but identified as
a non-NA minority were excluded from the current ana-
lyses. Characteristics of the 138 NA and 144 NHW
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participants recruited are reported in Table 1. This sample
size should be adequate for CFA of the PCS,19 as this
yields a participant-to-item ratio of at least 10 to 1 for
each group.
Pain Catastrophizing Scale
The Pain Catastrophizing Scale (PCS) is a 13-item scale that
assesses catastrophic thinking associated with pain.13
Participants make responses on a 5-point scale that ranges
from 0 (not at all) to 4 (all of the time). The PCS was adminis-
tered via computer on the first day of testing, after the health
screen, but prior to any pain testing. The traditional instructions
were used to assess trait, or dispositional, catastrophizing
(“Using the following scale, please indicate the degree to
which you have these thoughts and feelings when you are
experiencing pain.”). Table 2 presents the means, standard
Table 1 Group Characteristics
Continuous Variables NHW (N=144) NA (N=138) t p
M SD M SD
Age (years) 28.56 13.50 31.41 13.30 −1.781 0.076
Body mass index (kg/m2) 24.25 3.80 26.14 4.64 −3.702 <0.001
Categorical Variables N % N % χ2 p
Sex (female) 68 47.2% 87 63.0% 7.126 0.008
Education 5.034 0.539
<7th Grade 1 0.7% 1 0.7%
<High School 2 1.4% 7 5.1%
High School Grade 19 13.3% 23 16.8%
Partial College 75 52.4% 61 44.5%
College Grade 36 25.2% 36 26.3%
Graduate/Professional School 10 7.0% 9 6.6%
Marital Status 9.503 0.091
Single 107 74.3% 82 60.3%
Married 23 16.0% 29 21.3%
Separated/divorced 11 7.6% 14 10.3%
Cohabitating 2 1.4% 10 7.4%
Widowed 1 0.7% 1 0.7%
Employment 3.571 0.312
>40 hours/week 30 21.3% 40 29.4%
<40 hours/week 64 45.4% 50 36.8%
Retired 5 3.5% 3 2.2%
Unemployed 42 29.8% 43 31.6%
Income 6.908 0.647
<$9999 55 39.00% 36 27.10%
$10,000–$14,999 16 11.30% 15 11.30%
$15,000–$24,999 17 12.10% 20 15.00%
$25,000–$34,999 11 7.80% 16 12.00%
$35,000–$49,999 14 9.90% 20 15.00%
$50,000–$74,999 8 5.70% 10 7.50%
$75,000–$99,999 8 5.70% 6 4.50%
$100,000–$149,999 8 5.70% 7 5.30%
$150,000–$199,999 2 1.40% 2 1.50%
>$200,000 2 1.40% 1 0.80%
Notes: Some variables had missing data, therefore not all counts sum to the total N. M = mean, SD = standard deviation, t = t-test, χ2 = chi-square value, p = p-value, N =
sample size.
Abbreviations: NHW, non-Hispanic white; NA, Native American.
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deviations, and internal consistencies for each subscale and the
total score by racial/ethnic group. There were no missing data.
Data Analysis
To test the measurement invariance of scores from the PCS
across NHW and NA participants, multiple group confirma-
tory factor analyses (MGCFA) were conducted using Mplus
6.11.20 Given the data were skewed and the fact that the
5-point Likert scale yields ordinal data, we designated the
item responses as ordered categorical in the model, and thus
the models were run using the weighted least square mean
and variance adjusted (WLSMV) estimation. For purposes
of model identification, loadings for the first item for each
factor were fixed to 1.0, and item residuals were fixed to 1.0.
Following the recommendations of Brown,21 the first
step was to test baseline models of the previously estab-
lished 3-factor structure separately for the NHW and NA
samples. Baseline model fit was tested using the compara-
tive fit index (CFI) and the root-mean-square error of
approximation (RMSEA), with values of CFI ≥ 0.95 and
RMSEA ≤ 0.08 as an indication of good fit.22 Next,
a series of nested MGCFA models were fitted to the data
in order to test for configural invariance (same factor
pattern/structure), metric invariance (same factor load-
ings), and scalar invariance (same item thresholds). In
order to test each level of invariance, the difference in fit
of the more constrained model is compared with that of the
next less constrained model.
Table 2 Means, Standard Deviations, and Cronbach’s Alphas for the Pain Catastrophizing Scale (PCS) by Non-Hispanic White and
Native American Participants
PCS Subscales NHW (N=144) NA (N=138) Total Sample (N=282)
M SD α M SD α M SD α
Rumination (4 items) 4.493 3.744 0.922 4.341 3.509 0.897 4.413 3.620 0.909
Magnification (3 items) 2.104 2.061 0.716 2.500 2.331 0.778 2.297 2.199 0.749
Helplessness (6 items) 3.264 3.438 0.857 3.413 3.350 0.839 3.332 3.385 0.847
Total Score (13 items) 9.861 8.277 0.926 10.254 8.342 0.927 10.042 8.284 0.926
Note: α = Cronbach’s alphas.
Abbreviations: NHW, non-Hispanic white; NA, Native American; M, mean; SD, standard deviation.




























































































Figure 1 Configural, metric, and scalar invariance of the Pain Catastrophizing Scale (PCS) in Native American and non-Hispanic white adults. Manifest variables (item
responses) are boxes, latent variables (factors) are circles, and item thresholds are indicated by triangles with a “1”. For the sake of clarify, the figure only depicts a path for
one threshold per item even though each item has up to 4 thresholds (given the 5-point Likert response scale). Further, item residuals (error terms) are not depicted. As is
traditional for CFA models, factor loadings are depicted with λ, and latent factor correlations are depicted with ϕ. Configural invariance posits the same number of factors
and same factor patterns across groups, but factor loadings and items thresholds are allowed to vary across groups. Metric invariance posits the same constraints as the
configural invariance model, with the additional constraint that the factor loadings (λ) are equal across groups, but the thresholds and factor correlations are free to vary
across groups. Scalar invariance imposes the same constraints as configural and metric invariance, but with the added constraint that the item thresholds (τ) are equated
across groups.
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Configural invariance, also referred to as pattern invar-
iance, means that the number of factors and pattern of
loadings is the same for both groups. In other words, the
specific items that load on each of the respective factors are
the same for both groups. Figure 1 depicts the configural
invariance model for the PCS. As is traditional for CFA
models, factor loadings are depicted with λ, and latent factor
correlations are depicted with ϕ. Given our item responses
are ordinal rather than continuous, the model includes item
thresholds (as opposed to item means or intercepts). For
a dichotomous item (yes/no, true/false) an item threshold
would refer to the level of the latent variable required for
a positive endorsement of the item to be more likely than
not. With ordered categorical (ordinal) item responses, there
are n – 1 thresholds, where n = number of response options.
Thus, for the PCS, with a 5-point Likert response format,
there are 4 possible thresholds per item. In this case, the first
threshold refers to the level of the latent factor required to
endorse a “1” on the Likert scale over a “0”, the second
threshold refers to endorsing a “2” over a “1”, and so on. For
the sake of clarity, the figures are only depicting a path for
one threshold per item.
Metric invariance (also referred to as weak invariance),
means that not only are the same items loading on the
same factors for both groups, but the actual magnitude of
the loadings are the same across groups for each respective
item. For example, the loading of PCS8 on the Rumination
factor was constrained to be the same for both NAs and
NHWs. In Figure 1, to establish metric invariance, the λs
for the NA group were constrained to be the same as the
NHW group, while the other parameters (thresholds and
factor correlations) were free to vary across groups.
Scalar invariance (also referred to as strong invariance)
imposes the same constraints as configural and metric invar-
iance, but with the added constraint that the thresholds (τ)
are equated across groups. It should be noted that tradition-
ally CFA models include item residual (error) terms. In order
for a MGCFA with thresholds to be mathematically identi-
fied, all item residuals are fixed to 1.0.
For assessment of model fit, we report the chi-square
(χ2), comparative fit index (CFI), and the root-mean-square
error of approximation (RMSEA). Invariance has tradition-
ally been evaluated using the χ2 difference test (Δχ2), with
a statistically significance decrease in χ2 for the more con-
strained model indicative of non-invariance. However, more
recently, researchers have advocated for an alternative, given
the sensitivity of the Δχ2 to sample size, which can lead to
conclusions of non-invariance when the decrease in fit is
statistically significant but trivial for practical measurement
purposes.23–25 Thus for the current study, following the
recommendations of Chen,24 for sample sizes equal to or
less than 300, a decrease in CFI greater than or equal to
0.005, combined with an increase in RMSEA of 0.01 or
greater, was used as evidence for non-invariance.
Results
Fit statistics for the baseline and MGCFAs are presented in
Table 3. Both of the baseline models, estimated separately
for the NHW and NA samples, demonstrated good fit.
Thus, we proceeded with the MGCFAs to test configural,
metric, and scalar invariance across groups.
Table 3 Invariance Fit Statistics for the Pain Catastrophizing Scale in Native Americans and Non-Hispanic White Participants
Model Fit Indices Model Comparison ΔRMSEA ΔCFI
χ2 df p RMSEA CFI
Baseline (NHW only) 89.51 62 0.013 0.056 0.994
Baseline (NA only) 101.98 62 0.001 0.068 0.987
Model 1
Configural, no constraints
175.38 124 0.002 0.054 0.993
Model 2
Factor loadings invariant




346.83 173 < 0.001 0.082 0.977 3 vs 2 0.039 −0.018
Model 4
Partial invariancea
189.01 177 0.255 0.022 0.998 4 vs 2 −0.021 0.003
Notes: χ2 = chi-square value; aModel 4 has the same constraints as Model 3, with the exception of the fourth threshold for item 3, which was allowed to be freely estimated
across groups.
Abbreviations: NHW, non-Hispanic white; NA, Native American; df, degrees of freedom; RMSEA, root mean square error of approximation; CFI, comparative fit index.
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The multiple group configural model, with no constraints
except the same factor pattern/structure across groups, also
showed a goodfit to the data. Formodel 2, with factor loadings
constrained to be equal across group, the fit was excellent.
When compared with model 1, the fit of model 2 was actually
slightly better than that of model 1, as evidenced by improve-
ments in both the RMSEA and CFI. Thus, metric invariance
across the NHWand NA groups was demonstrated.
Model 3, where both factor loadings and item thresholds
were constrained to be equal across groups, the fit of the
model was satisfactory, with the CFI in the excellent range
and the RMSEA in the acceptable range. However, Model 3
showed a notable decrease in fit compared to model 2, as
evidenced by an increase in RMSEA greater than 0.015
combined with a decrease in CFI greater than 0.01. Thus,
scalar invariance across the groups was not confirmed.
Given the lack of scalar invariance, we proceeded to
evaluate the possibility of partial invariance, as recom-
mended by Byrne, Shavelson, and Muthén.26 As such, we
evaluated the modification indices (MI) for the inter-group
threshold constraints from model 3, to determine if any
particular threshold constraints were notably contributing to
the lack of fit. The MI for the fourth threshold for PCS3 (“It’s
terrible and I think it’s never going to end”) was found to be
of a magnitude that was noteworthy and statistically signifi-
cant. Thus, a partial invariance model (Model 4) was esti-
mated, that was a revision of model 3 where the invariance
constraint for that threshold was relaxed. As seen in Table 3,
relaxing the threshold constraint for PCS3 led to a model
with excellent fit. Further, the fit of this model did not show
a notable decrease in fit compared to the metric invariance
model (Model 2), and in fact showed a slight improvement
in fit as per a decrease in RMSEA and an increase in CFI.
Thus, partial scalar invariance for the PCS was confirmed,
with all thresholds showing invariance except for those
associated with PCS3. The model indicated that threshold 4
for PCS3 was 8.21 for the NHW sample and 2.45 for the NA
sample. Figure 2 presents the factor loadings and factor
correlations for the final partial scalar invariance model.
Discussion
The present study used multiple group CFA to investigate
measurement invariance of the Pain Catastrophizing Scale
(PCS) in healthy, pain-free, Native American (NA) and
non-Hispanic white (NHW) adults in the Oklahoma Study


































































Figure 2 Unstandardized parameter estimates for final model of the Pain Catastrophizing Scale (PCS) in Native American and non-Hispanic white adults. *Loading was fixed
to 1.0 for model identification. All loadings are statistically significant. For model identification purposes, all item residuals were fixed to 1, and thus are not depicted.
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previously established 3-factor structure of the PCS was
replicated and showed good fit in both samples. This is
consistent with evidence from previous studies that
demonstrated pain catastrophizing is a latent construct
consisting of three interrelated factors, ie, magnification,
rumination, and helplessness.14–16
Configural and metric invariance were demonstrated
for the PCS across the NA and NHW groups. Thus, the
same factor pattern structure (ie, equivalent number of
factors) and equivalence of factor loadings was estab-
lished. Even though complete scalar invariance across
groups was not confirmed, a partial invariance model
showed excellent fit, with the only non-invariant parameter
being threshold 4 of item PCS3 (“It is terrible and I think
it’s never going to get any better”). Given there are four
thresholds per item (ie, 52 total thresholds), non-
invariance for 1 threshold out of 52 can likely be deemed
trivial from a measurement perspective.
The fourth threshold refers to the level of latent construct
required to make it more likely than not for an individual to
endorse a “4” on the Likert scale, as opposed to less than 3.
Thus, the higher threshold for NHW compared to that for NA
indicates a higher difficulty (or severity) level for this item. In
other words, it takes a higher level of the latent variable for
a NHW to endorse 4 on this item than it does for a NA. This
may reflect a cultural difference in the tendency to engage in
this specific helplessness-related cognition. Alternatively, the
threshold difference might reflect a statistical artifact due to
low levels of endorsement of a 4 on this item for either group.
Since partial invariance is sufficient to compare groups on
a latent variable26,27 and the majority of items on the help-
lessness factor are invariant across groups (ie, all items except
for PCS3), our results show that the PCS is an appropriate
measure to investigate differences in pain catastrophizing
between NAs and NHWs. Thus, differences in latent pain
catastrophizing scores between NAs and NHWs can be inter-
preted asmeaningful and quantitative, and not due tomeasure-
ment error or differences in the measurement structure across
the groups. This is an important first step considering research
indicating that NAs may conceptualize pain differently;5,17
therefore, it was plausible that NAs might have different con-
ceptualizations about pain catastrophizing. This study suggests
that is not the case, at least in the present sample of NAs from
the Southern Plains region.
Another result worth discussing is the fact that for a couple
of the steps in the invariance testing, the more constrained
model showed a slightly better fit to the data than the less
constrained model. Although somewhat counterintuitive at
first glance, this can occur in cases where there is a strong
degree of invariance in the parameters that were constrained to
be equal and the more constrained model has more degrees of
freedom than the less constrained model. Thus, if the para-
meters that were constrained to be equal were, indeed, nearly
equal across groups in the unconstrained model, the additional
degrees of freedom can actually yield a better fit for the more
constrained model.
It is also worth noting that, in both groups, reliability
analyses showed good internal consistency for the rumina-
tion and helplessness factors and sufficient internal con-
sistency for the magnification factor. The somewhat lower
estimate for magnification is most likely due to its small
number of items (three) because Cronbach’s alpha is
dependent on both number of items and item relatedness.
Moreover, there was excellent internal consistency for the
total PCS score, which is consistent with the fact that the
factors were correlated (Figure 2). All of these results are
in line with previous findings from other samples.16
Implications
Pain catastrophizing is an important psychological construct
used to predict pain experience and pain outcomes.6–11 Indeed,
persons who catastrophize more report more pain, show more
pain behaviors, use more analgesics, have longer hospital
stays, take longer to rehabilitate, have more pain-related dis-
ability, and show greater brain activation in response to painful
stimulation.8–11 Unfortunately, the mechanisms by which pain
catastrophizing increases pain are currently poorly understood;
however, accumulating evidence suggests they involve
supraspinal processes (eg, attention deployment, salience
detection, amplification of activity in pain-related brain
regions), rather than activation of descending facilitatory pain
controls.28,29
Because NAs have a higher prevalence of pain symptoms
and pain conditions than other US ethnic/racial groups,5 inves-
tigating the contribution of psychological variables, especially
pain catastrophizing, is highly relevant. In fact, given that the
current study established the measurement invariance of the
PCS across NAs and NHWs, the PCS was used in subsequent
analyses to examine racial/ethnic differences in catastrophic
thoughts in response to painful stimuli.30 Those analyses found
that NAs were more likely than NHWs to report catastrophiz-
ing in reaction to painful laboratory tasks involving heat, cold,
and ischemic stimuli. Given that pain catastrophizing is asso-
ciated with pain amplification and greater pain-related suffer-
ing, greater pain catastrophizing in NAs could represent
a health disparity in and of itself, and could partly explain the
Dovepress Rhudy et al
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higher prevalence of chronic pain in the NA population.
Specifically, a greater tendency to engage in catastrophic think-
ing could prompt a vicious cycle that promotes and maintains
pain (ie, pain→catastrophizing→pain), much like what has
been described by the fear-avoidance model.31 So, by demon-
strating that group differences on the PCS can be attributed to
differences in pain catastrophizing (rather than measurement
variability), the current study is an important foundation for
reducing the pain disparity in NAs. The next step forward
could involve employing interventions to reduce catastrophic
thinking [eg,32–33] in otherwise healthy, pain-free NAs, with
the hopes of reducing the number of people that transition to
chronic pain. The present results indicate that the PCS could
also be used to monitor the effectiveness of such an interven-
tion in NAs.
Limitations
Although this study had a number of strengths, a few
limitations should be noted. The sample was comprised
of healthy, pain-free participants. This likely resulted in
lower variability and mean levels of some of the PCS
items than would have been found in a chronic pain
population. However, we do not believe this negatively
impacted our results given they replicate prior studies of
the factor structure of the PCS in both healthy, pain-free
and clinical populations. Nonetheless, our results should
be replicated in future studies. Moreover, recruitment was
limited geographically to the northeastern part of
Oklahoma; thus, most NAs in the sample did not live on
reservations. Additionally, there were more females in the
NA sample than the NHW sample. Thus, future studies
are needed to determine if findings generalize to NA men
and women from other regions who experience chronic
pain.
Conclusions
In sum, this study demonstrates that the PCS is a valid
instrument for investigating differences in pain catastro-
phizing and its relationship to pain outcomes in NAs and
NHWs. Given that the PCS has also been shown to be
invariant across chronic pain and pain-free samples that
were non-NA,15 the PCS may also be suitable for investi-
gating pain catastrophizing in NAs suffering from pain
conditions. However, this needs to be empirically verified.
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